A POSSIBLE ETIOLOGIC ROLE of the 18.1kadrenal cortex in the genesis of clinical hypertension has been recognized since Goldblatt's demonstration in 1937 that adrenalectomy prevents the expected development of hypertension following bilateral renal artery constriction.' Recently, interest in this possibility has been intensified by reports that some hypertensive patients excrete2-6 and secrete7 increased amounts of aldosterone in the absence of any apparent known cause.
18.1kadrenal cortex in the genesis of clinical hypertension has been recognized since Goldblatt's demonstration in 1937 that adrenalectomy prevents the expected development of hypertension following bilateral renal artery constriction.' Recently, interest in this possibility has been intensified by reports that some hypertensive patients excrete2-6 and secrete7 increased amounts of aldosterone in the absence of any apparent known cause.
The following case report describes a hypertensive patient with increased urinary aldosterone attributable to renal sodium wasting, detectable only by severe sodium deprivation. Intensive antihypertensive therapy was associated with improved renal futction and a fall in average urinary aldosterone.
Methods for Metabolic Studies
In collection of urine each voiding was immediately refrigerated. At the end of each collection period the total quantity excreted was frozen until analysis. Sodium and potassium contents of serum and urine were determined in duplicate with a Baird flame photometer with lithium internal standards. Serum chloride was determined by a modification of the method of Asper, Schales, and Schales.8' 9 Serum and urine creatinine were determined by the method of Bonsnes and Taussky10 as modified by Brod and Sirota.11 "Creatinine clearances" were calculated in the usual way from the creatinine content of a 24-hour urine collection and the serum creatinine concentration of the morning of the same day.
The method used for measuring aldosterone6 was as follows: A 24-hour collection of urine was acidified to pH 1 It was discontinued the second day following the convulsion, a total of 3.5 Gm. having been given. In the 5 days following the seizure, the patient ate but little, and fluid and electrolyte were given by intravenous infusion. The ward diet offered was estimated to contain 100 to 140 mEq. of sodium daily. In table 1 are shown serum electrolyte concentrations, known intravenous and oral electrolyte intake, and medication. (Dietary electrolyte is not known and not included.) In the first 3 to 4 days after the seizure there was a marked fall in serum sodium, potassium, and chloride and a rise in carbon dioxide combining power. The appearance of hyponatremia on August 23, despite an intake of at least 465 mEq. of sodium in the preceding 3 days, suggested a possible disorder of renal or endocrine electrolyte regulatory mechanisms. Figure   Figure 1 shows the results of these studies. With a sodium intake of 13 mEq. per day, urinary sodium consistently equated or exceeded sodium intake. There was a progressive fall of serum sodium to 114 mEq. on the fourteenth day. At this time the patient was not clinically dehydrated but was apathetic and expressed salt craving. On the fifteenth day of study 300 mEq. of sodium were given intravenously as 5 per cent sodium chloride, and dietary sodium was increased to 200 mEq. by the addition of enteric-coated sodium chloride tablets to the otherwise unchanged diet. Marked sodium retention was observed on the first day only of increased sodium intake and thereafter the patient appeared to be in approximate sodium balance.
On the twenty-first and twenty-second days, severe headache was associated with negative sodium balance and reduced serum sodium concentration. Although the sodium deficit was apparently rapidly repaired, urinary aldosterone was still elevated 6 days later.
Renal potassium excretion was not remarkable at any time. (Kaliuresis induced by hypertonic saline infusion (study day 15) has been previously described in normal persons.22) The progressive fall in creatinine clearance with sodium deprivation has been described in normal persons and has been attributed to reduced plasma volume. '8 Consistent changes in blood pressure were not observed at any time during these studies. Although a rather long period was required to reduce urinary sodium excretion below intake, the patient was able to remain in sodium balance and to avoid hyponatremia for a prolonged period with a daily intake of only 18 mEq. This test of ability to maintain sodium balance with a low intake, while not precisely comparable to the study performed 1 year earlier, suggested an improved capacity for sodium retention.
Discussion
These data suggest the following sequence of events: In 1958, for unknown causes, the patient developed severe hypertensive disease with renal dysfunction characterized by loss of concentrating ability, proteinuria, and a tendency to renal loss of sodium. The tendency to sodium loss was compensated by increased aldosterone secretion, permitting maintenance of sodium balance with normal sodium intake. When sodium intake was reduced to 13 mEq. daily, however, a consistently negative sodium balance developed, leading eventually to hyponatremia (study days 1 through 14, fig. 1 ). This result occurred despite an apparent marked rise in aldosterone secretion and a reduction of glomerular filtration. Significant amounts of sodium persisted in the urine despite the presence of hyponatremia. When daily sodium was increased to 200 mEq., balance was restored, though only minimal sodium retention occurred. Thereafter, a brief period of negative sodium balance (study days 20, 21, and 22, fig. 1 ) resulted in a fall of serum sodium to near hyponatremic levels.
Following these metabolic studies, there occurred a remission of the disease process, possibly the result of therapy. This remission was manifested by improved appearance of the eyegrounds ( fig. 2 ) and improved renal function, shown by return of concentrating ability. Renal sodium conservation seemed improved as shown by the failure to develop hyponatremia during 28 days of low-sodium intake. Urinary aldosterone was well within normal limits when the diet contained an amount of sodium that previously had been associated with hyperaldosteronuria.
The hyponatremic syndrome described in this patient is clearly different from the hyonatremic syndrome attributed to "inappropriate secretion of antidiuretic hormone" by Schwartz, Bennett, Curelop, and Bartter,12 and is presumably of renal origin. The patients described by those authors did not lose weight as sodium loss continued, reflecting maintenance of extracellular volume. In our patient, sodium loss was accompanied by weight loss and decreased "creatinine clearance, " reflecting reduction of extracellular volume.
In summary, it is postulated that this patient had the clinical sydrome of severe hypertension, associated with a renal sodium-losing tendency compensated by increased aldosterone secretion. Pharmacologic reduction of blood pressure was followed by improved renal function and ameloriation of the tendency to sodium loss. A consequent reduction of aldosterone secretion was reflected in reduced urinary aldosterone. The hypothesis is supported, however, by evidence that a renal sodium-losing tendency occurs with significant frequency in hypertensive patients.
Frank "sodium wasting nephritis" characterized by evidence of severe renal disease and hyponatremia with fairly high sodium intakes has been described in association with hypertension.14-6 A less obvious disorder was observed by Newborg and Kempner17 in a series of 159 patients with malignant hypertension treated with a rice-fruit diet (less than 7 mEq. of sodium daily). Of these patients, 20 It is suggested that the hyperaldosteronuria of some hypertensive patients is a manifestation of an aldosterone-compensated renal sodium-losing tendency. Now the properties of water have the result that more readily than other substances it exists simultaneously and in large quantities in the three phases of solid, liquid, and gas as ice, water, and aqueous vapor. This depends upon the high latent heats of fusion and vaporization, the high freezing point of water, and its vapor tension. Water enhances the complexity of the environment, and is one principal factor in the mobility of the environment as a whole. Further, it makes for stability; other things being equal, the greater the number of phases, the less the tendency to change. Among phases the disperse colloidal type is unique and of very great importance almost the sole basis, indeed, of great physical complexity-and, as above shown, the peculiar properties of water highly favor the colloidal condition.
The solvent power of water much increases the number of components which may enter into a system of which it is a part; hence the large number of components of sea water, blood plasma, etc. The variety of compounds, both organic and inorganic, which contain carbon, hydrogen, or oxygen also causes enormous increase in the number of components of biological systems like protoplasm.
The specific heat of water, its latent heats of fusion and vaporization, and the high freezing point all contribute to the restriction of temperature range within the organism, in the waters, and over the whole surface of the earth. The vapor pressure of water has been shown to possess great and exceptional variability with change of temperature. This is the most important property of water meteorologically, and is the necessary condition for its ample circulation. The ratio between the gas pressure of carbonic acid and its concentration in water (absorption coefficient) has been shown to be the great factor in establishing the mobility of that substance.-LAwRENCE J. HIENDERSON 
